Introduction
Dopamine is one of the most important neurotransmitters of both the central and peripheral nervous systems and disorder of its concentration has been associated with a series of neural diseases, such as Parkinson's and Alzheimer's diseases. [1] Hence, the development of a simple method to detect dopamine is of significant importance, at best at low cost and high sensitivity.
A great number of elegant methods, including electrochemical strategies, chemiluminescence, chromatography, capillary electrophoresis, and spectroscopic approaches have been successfully applied in the dopamine determination.
[2] However, most of them require expensive equipment and/or complicated operations. The colorimetric assay shows great promise to solve the concerned issues, with theoretical and technical simplicity. [3] In the past decades, much research has centered on the colloidal nanoparticles (NPs) that become the most important building blocks for the fabrication of sensitive optical nanosensors. [4] Specifically the utilization of Au NPs as colorimetric sensing platforms is gaining considerable attention due to the high extinction coefficients and the unique size dependent optical property, which opens the access to high sensitivity with unsophisticated transducers. [5] A conventional strategy for dopamine detection with Au NPs is the rational design of their surface chemistry, which trigger the dis-/assembly of the particles and the accompanying color changes upon recognition by the target molecule. [6] Although the benefits of these sensors are already apparent, most of the Au NP optical probes involve quite complicated procedures on ligands, such as pre-functionalization or post-exchange, and sometimes external metal salts or ions are needed in the sensing system. [7] In this work, we demonstrate a facile colorimetric strategy for the determination of dopamine, where the natural beta-cyclodextrin modified Au nanoparticles (β-CD-Au NPs) were directly employed as optical probes. The method relies on a controlled destabilization of the β-CD-Au NPs and growth of the Au assemblies (i.e., "peanut-shaped", short chain, and wire-network nanostructures) by means of simply tuning the dopamine concentration, as illustrated in Figure   1C . With the color change in the assembly process, the amount of the target is quantified. It is noted that there is no demand for general pretreatments like surface ligand exchange/prefunctionalization for the NPs or additional agents during the determination, which enables a simple and sensitive detection of dopamine with a detection limit of 20 nM. Additionally, the 3 optical sensor exhibits high selectivity for the co-existing interferences as well as the analogues, carrying promise for a real sample test.
Results and discussion

Synthesis and characterization of the colorimetric probes
The Au NP-based colorimetric probes, decorated by β-CD, were directly synthesized by reducing chloroauric acid with sodium borohydride in the presence of natural β-CD. The Figure S1D ). β-CD is expected to be adsorbed on the surface of the Au NPs playing a role as stabilizing agent, which is further confirmed by the following characterizations. Fourier transform infrared (FT-IR) spectra in Figure S2 show that the β-CD-Au NPs reveal the characteristic absorption peaks of β-CD, suggesting that the Au NP surface is indeed capped with β-CD molecules. X-ray photoelectron spectroscopy (XPS) ( Figure   S3 ) was performed to gain more insight into the structure of the as-prepared β-CD-Au NPs. The C 1s spectrum depicts the presence of a large number of functionalized carbon-containing molecules, which also confirms the existence of β-CD in the β-CD-Au NPs. [8] Additionally, the recorded Au 4f spectrum is composed of Au 4f7/2 and Au 4f5/2 peaks with binding energies at 84.0 and 87.8 eV, respectively. These are typical values for metallic gold which implies the complete reduction of the Au precursors during the direct synthesis of the β-CD-Au NPs.
Assembly of the β-CD-Au NPs
The initial Au colloid was wine-red and stable in the as-prepared state ( Figure 1A , a), while the introduction of dopamine stimulated the assembly of the β-CD-Au NPs. Upon the addition of different amounts of dopamine, except case b, the color of the Au NP solutions became darker (c), purplish red (d, e), bluish violet (f), and even gray (g), as depicted in Figure 1A . These color 4 changes underline the structural change of the Au NPs, which was further examined by UV−Vis spectroscopy and verified by TEM. As shown in Figure 1B , the SPR peaks of the samples b-g are broadened with a slight red shift from 513 to 522 nm accompanied by an increase of the long-wavelength SPR band. The latter is indicative for the controlled growth of Au assemblies.
One may notice that high concentrations of dopamine result in a decrease of the intensity of the SPR bands because of some Au precipitation (curve g). 
Colorimetric determination of dopamine
Inspired by the concentration-dependent assembly triggered by dopamine, the β-CD-Au NPs are anticipated as optical probes for a facile colorimetric determination. The Au NP assembly was reflected in the UV-Vis spectrum, with a decrease in absorption at about 520 nm and an 6 increase of the long-wavelength SPR band. Here the ratio of the absorption at 520 and 650 nm (A650/A520) was also used for a quantitative analysis of dopamine, which below 2 µM increases only slightly with an increasing concentration, while becomes significant in the concentration range above 2 µM ( Figure S5) . A probable reason for this observation could be the existence of free β-CD in Au colloids due to its excess amount during the synthesis, Figure S2A and Supporting Information. Thus the sensitivity for detection can be greatly improved by pre-adding a certain amount of dopamine (i.e., 2 µM) to the Au NP sample. [6b,13] With the addition of 2 µM of dopamine in the β-CD-Au NPs solution in advance, the kinetic investigations on different additional analyte concentrations (i.e., 0, 40, 100 and 750 nM) were performed, as shown in Figure 3A [dopamine]=0.5 μM and [interferences]=10 μM.
Our β-CD-Au NP-based colorimetric probes exhibit excellent performance towards the dopamine detection, such as high sensitivity, selectivity and stability, as well as simplicity in the sensor fabrication. Furthermore, the relative standard deviation (RSD) for eleven repeated measurements of 50 nM dopamine is 1.0%, illustrating that the response of the optimized Au NP-probe is highly reproducible. To demonstrate the viability of this Au NPs probe for colorimetric analysis of actual samples, we carried out the measurement of dopamine in artificial cerebrospinal fluid (a-CSF). The recovery was investigated by adding a known amount of 8 analyte. The results summarized in Table S1 indicate that the recovery (95.8~103.1%) and precision (RSD: 1.9~3.1%, n=7) of the proposed method applied to determine dopamine in a-CSF are satisfactory.
Conclusion
To summarize, natural β-CD modified Au NPs have been first demonstrated as optical probes for the determination of dopamine. Upon the addition of the target, β-CD-Au NPs readily assemble into "peanut-shaped", short nanochain, and inter-fused 3D nanowire-network architectures. With the color change occurring when dopamine was added successively to a Au NP solution, a sensitive and selective colorimetric method for dopamine detection is successfully developed. The presented strategy has low technical and instrumental demands, and is further simplified by neither needing ligand exchange nor cross-linkers in the sensing process. Such results could not only provide a methodology to design AuNP-based colorimetric assays with high specificity and sensitivity, but also hold promise of fine Au assemblies for further applications which are currently underway in our laboratory.
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Experimental Section
Synthesis of β-CD-Au NPs: The β-CD modified Au NPs were synthesized according to the previously reported method with modifications. [16] 174 µL of 10% HAuCl4 was added into 199 mL 10 mM β-CD under continuously stirring for 10 min, and then 1 mL of a freshly prepared 180 mM NaBH4 aqueous solution was quickly added into the solution. The resulting solution was kept stirring for about 2 h to get wine red Au colloids. Zeta-Potential measurements were performed on a DelsaNano C, particle analyzer (Beckman Coulter Corporation).
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